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The role of flooded rivers as dispersal agents for Quercus 
robur L. was investigated adjacent to the Disa River in the 
Orange Kloof Forestry Station, Cape Peninsula, South 
Africa. Three months after the floods, a systematic 
sampling of acorns was undertaken using 100, 4 m x 4 m 
quadrats. It was found that those quadrats in areas that had 
been flooded contained more than four times the number 
of acorns found in the quadrats of the unflooded areas. 
Further, flooded areas had a greater percentage of intact 
acorns and seedlings. It was also found that acorns 
beneath an oak canopy germinated poorly and that 
ungerminated acorns had a higher mortality. Since the 
flooding of this river must be considered a rare event, the 
efficiency of large scale, episodic dispersal was compared 
to the continuous low density dispersal carried out by the 
alien squirrel Sciurus carolinensis Gmelin. 
S. Afr. J. Bot. 1985, 51 : 265-269 
Die rol van oorstromende riviere as 'n verspreidingsagent vir 
Quercus robur L. was langs die Disarivier in die Oranjekloof-
bosboustasie, Kaapse Skiereiland, Suid-Afrika, ondersoek. 
Drie maande na die oorstromings was akkermonsters 
stelselmatig in 100, 4 m x 4 m kwadrate geneem. Daar is 
gevind dat daar vier maal meer akkers in die oorstroomde 
kwadrate as in die nie oorstroomde kwadrate voorgekom 
het. Daar het verder ook 'n grater persentasie van 
lewensvatbare akkers en saailinge in die oorstroomde 
gebiede voorgekom. Verder is gevind dat die oppervlaktes 
onder die kroon van die eike die sade swak gekiem het en 
dat daar 'n hoe akkersterftesyfer voorgekom het. Aangesien 
die oorstroming van die rivier as 'n seldsame gebeurtenis 
beskou moet word, was die doeltreffendheid van 
grootskaalse episodiese verspreiding vergelyk met die 
voortdurende, maar lae digtheid, verspreiding deur die 
uitheemse eekhorinkie Sciurus carolinensis Gmelin. 
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Introduction 
The Disa River between the Orange Kloof Forestry Station 
and Houtbaai on the Cape Peninsula, South Africa, burst 
its banks on three separate occasions during the heavy winter 
rains of 1983. At Newlands, close to the main catchment of 
the Disa River, 200 and 100 mm of rainfall were recorded on 
26 and 27 June, respectively (Figure 1). Although such events 
are infrequent they may represent a considerable potential for 
the downstream dispersal of large buoyant fruits or seeds such 
as the acorns of the alien oak (Quercus robur L.). Dispersal 
of this oak within its natural, northern temperate range is 
associated with birds (particularly members of the Corvidae), 
rodents (particularly squirrels, Sciuridae), pigs (Suidae) and 
deer (Cervidae), whereas the importance of water dispersal 
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Figure 1 Daily rainfall recorded during June and July 1983 at Orange 
Kloof and at Newlands, an area adjacent to the catchment areas of 
the Disa River. 
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is considered to be minimal (Ridley 1930). The number and 
condition of oak propagules (acorns and seedlings) were 
sampled to determine the importance of these events for oak 
dispersal and seed germination in South Africa. The contribu-
tion of water dispersal was compared to possible dispersal by 
the introduced squirrel (Sciurns carolinensis Gmelin). Both of 
these processes were related to maintaining the presence of 
oaks at Orange Kloof. 
Materials and Methods 
Field technique 
Physical and botanical descriptions of the Orange Kloof 
Forestry Station are given in McKenzie eta/. (1977). On 26 
and 27 September 1983, a single systematic procedure was 
employed using 100 quadrats each 4 m x 4 m and set at 4 m 
intervals in a 10 x 10 matrix (Figure 2). Two hypotheses were 
advanced: (a) that the frequency of propagules occurring in 
each quadrat are uniformly distributed, and (b) that safe 
storage and germination are independent of post-dispersal site 
conditions. For each quadrat two site conditions were re-
corded: (a) the presence or absence of the flood indicated by 
stream debris and erosion, and (b) the presence or absence 
of an acorn-bearing oak canopy. Frequencies of oak propa-
gules were categorized into (a) intact acorns which were 
potentially viable, (b) damaged acorns which were unlikely 
to be viable, (c) acorns that had germinated and the seedlings 
appeared intact and (d) acorns that had germinated, but the 
seedlings were either damaged or had died. Acorns and 
seedlings that were categorized as damaged were considered 
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Figure 2 The position and alignment of sampling quadrats with regard 
to the boundaries of the Orange KJoof Forestry Station and its vegetation 
patterns. 
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to be potentially inviable. Germination experiments to test the 
viability of acorns were not undertaken, nor was an assessment 
of pre-dispersal damage to acorns. A total of 6 019 oak 
propagules were examined from 100 quadrats. All damaged 
acorns were examined for likely causes of mortality (microbial, 
invertebrate and mammal). Since the agent of mortality was 
sometimes difficult to determine (actions of one agent pre-
cipitated final destruction by another agent) no statistical 
analyses were undertaken on these data. 
Numerical techniques 
A simulated model was generated so that each quadrat had 
an equal opportunity for receiving propagules and so that the 
sampling frequencies had a Poisson distribution. The generated 
acorn frequencies are henceforth referred to as the expected 
frequencies. Expected and observed acorn frequencies were 
tested for spatial associations with a chi-square goodness-of-
fit (Placket 1974), and directional spatial autocorrelations 
(Cliff & Ord 1969, 1973; Ward 1978). Spatial autocorrelation 
was tested for spatial associations in north- south, east- west, 
north-west- south-east and north-east- south-west directions. 
The relationships between site conditions and propagule 
conditions were investigated with multidimensional contin-
gency table models (Knight & Siegfried 1983). Each variable 
was identified by one of the following symbols, with corres-
ponding categories in brackets. 
W = Potential for water dispersal (present, absent) 
0 Beneath an oak canopy (present, absent) 
S = Germination states (seed, seedling) 
C = Propagule condition (intact, damaged) 
Combinations of these variables (W, 0, Sand C) formed 
the models which were tested with the BMDP 4F 14-17 
computer programs (Brown 1981). Tests of partial and margi-
nal association identified potentially important associations 
(Knight & Siegfried 1983). The most parsimonious combina-
tion of variables ( = model) was selected and fitted the data 
so that the residual combinations of variables were non-
significant. 
Results 
The observed acorn frequencies possess spatial association 
(X2 = 6459,01; P < 0,001), while no associations occur in 
expected frequencies (X2 = 85,49; n.s.; Table 1). Therefore, 
each quadrat does not have an equal opportunity for receiving 
Table 1 Test for overall 
spatial association of 6 019 
oak propagules within 100 
quadrats for observed and 
expected frequencies 
Statistic Observed Expected 
N 100 100 
L 6019 6019 
SD 62,7 7,2 
x2 6459,0 85,5 
df 99 99 
p < 0,001 n.s. 
propagules. Spatial autocorrelation (Table 2) confirms overall 
spatial association within observed frequencies (z = 3, 79; 
P < 0,01) but not in expected frequencies (z = 1,23; n.s.). 
Most spatial association within observed frequencies occurs 
in a north- south direction (z = 3,40; P < 0,01) and a north-
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Table 2 Results of spatial autocorrela-
tion (r) for 6 019 oak propagules within 
100 quadrats for observed and expected 
frequencies 
Observed Expected 
Direction Statistic frequency frequency 
N-S w 176 ISO 
r 0,35 0,18 
z 3,40 1,78 
E-W w 178 ISO 
r 0,17 0,04 
z 1,70 0,45 
NW-SE w 160 162 
r -0,11 -0,14 
z 0,89 1,16 
NE-SW w 160 162 
r 0,33 0,13 
z 3,01 1,26 
Overall w 674 684 
r 0,19 0,05 
z 3,79 1,23 
Where W is number of quadrat interactions, and 
critical values of z for significance levels are: z = 2,00 
P = 0,05; z = 3,00 P = 0,01 (Ward 1978) 
east- south-west direction (z = 3,01; P < 0,01). The 58 
unflooded quadrats had I 437 propagules (X= 24,77; SD 
= 33,49), while the 42 flooded quadrats had 4 582 propagules 
(X = 109,10; SD = 60,82). Since Orange Kloof slopes down-
wards in a south -south-west direction the alignment of the 
42 flooded quadrats occurred in directions possessing signifi-
cant spatial associations. 
Site conditions for each quadrat (presence of floods or oak 
canopies) together with frequencies for the four oak propagule 
categories and expected frequencies are obtainable from the 
author. The accumulated observed frequencies for intact and 
damaged seeds and seedlings under the four site conditions 
are presented in Table 3 and analysed as a multidimensional 
contingency table. The following combination of variables 
( = model): 
csw + co + so + wo 
fits the data so that the residual is non-significant (X2 = 9,31; 
P > 0,05) and accounts for 99,67% of the data. The expected 
frequencies derived from this model are also presented in 
Table 3 and are similar to observed frequencies. The CSW 
variable combination explains 87,77!J!o of the data (residual 
remaining significant: x2 = 308,37; P > 0,05) and indicates 
flooded quadrats ( Jf') to be associated with intact propagules 
(C) and germination state (S). Since W, S and Care inter-
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Table 3 The observed frequencies for site and propa-
gule conditions. Expected frequencies are calculated 
from the multidimensional contingency table model 
and are presented in brackets 
Flood Under State 
Condition C 
w oak 0 s Damaged Total 
absent absent acorn 338 63 401 
(333,3) (60,8) (394,1) 
seedling 49 52 101 
(43,0) (64,8) (107,8) 
present acorn 683 52 735 
(687 '7) (54,2) (741,9) 
seedling Ill 89 200 
(117,0) (76,1) (193,1) 
present absent acorn 1145 383 1528 
(1164,7) (370,2) (1534,9) 
seedling 117 713 830 
(108, I) (715,0) (823, I) 
present acorn 1402 177 1579 
(1382,3) (189,9) (1572,2) 
seedling 160 485 645 
(168,9) (482,9) (651,8) 
related with each other (e.g. the association of C with S is 
strengthened by the CW and the WS associations and vice 
versa) I can reject the hypothesis that the safe storage and 
germination of acorns are independent of site conditions. This 
model also indicates that the presence of an acorn-bearing 
oak canopy ( 0) is independently related to the propagule 
condition (C), germination state (S) and areas of flood ( Jf'). 
The most conspicuous agents responsible for acorn mor-
tality within areas of flood and oak canopy are presented in 
Table 4. Microbial decay was the single most common cause 
for acorn mortality. Acorns within areas of flood appear most 
prone to microbial damage. Invertebrate damage was most 
common in unflooded areas beneath an oak canopy. Con-
sequently microbial damage within flooded areas may have 
pre-empted invertebrate predation. Acorn predation by mam-
mals, exclusively squirrels, is generally minimal, but may be 
locally important within unflooded areas that are beneath an 
oak canopy. 
Discussion 
Since the dispersal of acorns to suitable germination sites is 
not uniform and seed storage and germination are enhanced 
within areas of flood, the discussion will focus on marginal 
totals for each significant pairwise combination of variables 
included in the multidimensional contingency table model. 
Table 4 The importance of three agents in the mortality of acorns, 
expressed as percentages 
Under Microbe Invertebrate Mammal Propagule Number of 
Flood oak damage damage damage total quadrats 
absent 46, I OJo 42,7% II ,2% 1021 58 
present 62,6% 33, I OJo 4,3% 2547 42 
absent 61,8% 31,8% 6,5% 1483 68 
present 55,1% 38,7% 6, I OJo 2085 32 
absent absent 46,6% 34,0% 19,2% 338 41 
absent present 45,8% 47,0% 7,2% 683 17 
present absent 66,2% 31,9% 2,7% 1145 27 
present present 59,7% 34,7% 5,6% 1402 15 
average 57,9% 35,8% 6,3% 3568 100 
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CS: Propagule condition/germination state 
The majority of acorns were damaged (84, 1 OJo ), whereas most 
seedlings were intact (75,4%). Therefore it appears that either 
acorns that are potentially viable have already germinated, 
or a rapid germination pre-empts a high acorn mortality. 
Germination may be an escape from predation. Since only 
a single sample of oak propagules was undertaken, temporal 
rates of acorn predation could not be determined. 
CW: Propagule condition/water dispersal potential 
Flooded areas had more intact acorns (38,0%) than unflooded 
areas (18,0%). Although invertebrate predation is greater 
within unflooded areas (unflooded = 42,7%; flooded = 
33,1 %), microbial damage is elevated in flooded areas (un-
flooded = 46,1%; flooded = 62,6%). Therefore rapid ger-
mination is still required at a post-dispersal stage. 
SW· Germination state/water dispersal potential 
The percentage of propagules that germinated in flooded areas 
(32,0%) is greater than that in unflooded areas (21,0%). This 
may either reflect lower acorn predation or quicker germina-
tion within areas of flood. Since rapid water dispersal would 
remove acorns from areas of high invertebrate predation, 
mortality rates will be reduced and germination success 
elevated. A rapid dispersal to areas of abundant moisture 
created by the floods may further elevate germination success. 
CO: Propagule condition/presence of an oak canopy 
Fewer intact acorns were recorded in areas beneath an oak 
canopy (25,4%) than in areas not under an oak canopy 
(42,4%). Janzen (1971, 1972) demonstrated high invertebrate 
predation beneath the canopy of a parent plant, and the need 
for dispersal away from these areas. Relative invertebrate 
damage beneath oak canopies is greater (38, 7%) than in other 
areas (31,8%). Consequently the relative damage by microbial 
agents is lower beneath oaks and invertebrate predation may 
pre-empt microbial damage. On the other hand signs of 
damage by mammals beneath and not beneath oaks scarcely 
varies (6,1 and 6,5%, respectively). 
SO: Germination state/oak canopy 
A higher percentage of acorns germinated in areas away from 
oak canopies (33,0%) than did acorns beneath canopies 
(27,0%). Since variables S, C and Ware all independently 
related to 0, this relationship is not a reflection of greater 
acorn predation beneath oaks (CO association). It is possible 
that areas beneath oaks may have reduced soil moisture 
(especially if compared to flooded areas) and consequently 
a slower germination. 
WO: Potential for water dispersal/ oak canopy 
The majority of propagules found away from oak canopies 
occurred in flooded areas (82,4%). Within flooded areas 
slightly more propagules were found away from oak canopies 
(51,5%) than beneath them (48,5%). If only intact propagules 
are considered, areas away from oaks have an even greater 
proportion of propagules (62,3%). In unflooded areas 65,1% 
of the propagules occur beneath oaks. The remaining 34,9% 
must presumably be 'dispersed' by either squirrels or gravity 
(rolling down the slope). 19,2% of these propagules appeared 
to have mammal inflicted damage; it is therefore plausible 
that this 34,9% is largely the contribution of squirrels to the 
dispersal of oak. Of this 34,9%, only 23,0% of the propagules 
were intact, whereas 46,8% viability was recorded for corres-
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ponding areas that were flooded. It may therefore be pre-
sumed that water is the more 'efficient' dispersal mechanism; 
in terms of escaping from areas of potentially high acorn 
mortality and promoting quicker germination of acorns. 
Synthesis 
Figure 3 summarizes the results in diagrams representing the 
need for dispersal and the advantages offered by a water 
facilitated dispersal. It is likely that without the removal of 
acorns (by both squirrels and water) from beneath an oak 
canopy, the high mortality of acorns would prevent the 
continued presence of the oak population. Water dispersal 
of acorns is a large scale but infrequent process, analogous 
to a catastrophe. This process represents a relatively low 
mortality of acorns (53,5%) while dispersing them to areas 
of elevated soil moisture and rapid germination. However, 
since this process is restricted to a downstream direction 
(approximately north- south at Orange Kloof), population 
replacements can only occur downstream (south) and the oak 
population cannot become permanently established. The 
continuous but low intensity dispersal by squirrels is likely to 
incur a considerably greater mortality, and therefore may not 
maintain a sufficiently large population of oak. Since this 
process is not limited to downstream directions it overcomes 
the directional limits of episodic water dispersal. The episodic 
dispersal may overcome deficiencies of high mortality incurred 
by squirrel dispersal. Thus abiotic water dispersal and biotic 
squirrel dispersal may be seen as complementary for main-
taining the presence of oaks at Orange Kloof. 
THE NEED FOR DISPERSAL AWAY FROM AN OAK CANOPY 
845 
SEED-
LINGS 
2314 
ACORNS 
PROPAGULES 
UNDER OAK 
271 
2 860 PROPAGULES 
NOT UNDER OAK 
PREDATION 
TOTAL 
POTENTIAL 
OFFSRING 
931 
SEED-
LINGS 
1929 
ACORNS 
THE EFFECTS OF FLOODS ON DISPERSAL 
,---------~A~N~D~G~E~R~M~I~NA~TriO~N~O~F~O~A~K~S~~~---. 
143 7 PROPAGULES 4582 PROPAGULES 
301 
SEED-
LINGS 
1136 
ACORNS 
IN UN F L 0 0 DE D ARE AS L-._ __ :..:_1 N:.....:..._F L::..:O:..:O::..:D::..:E~D:_:_:A.::.R~E A=S==--1 
160 
+ 
PREDATION 
TOTAL 
POTENTIAL 
OFFSPRING 
1475 
SEED -
LINGS 
3107 
ACORNS 
Figure 3 Diagrams representing the need for dispersal away from an 
oak canopy and the advantages of water dispersal. 
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In consequence it may take only a few upstream dispersals 
by squirrels and subsequent germination of seeds and es-
tablishment of oak plants for a large scale downstream 
dispersal of acorns to occur during episodic flooding. Since 
the oak has been considered an 'aggressive, invasive species 
in at least some parts of southern Africa' (MacDonald 1983), 
it could be important to have some knowledge of its popu-
lation dynamics and dispersal. Assuming oaks were to expand 
their numbers during periods of excessively wet winters and 
cooler summers, control of oak may become more effective 
if upstream areas are given priority for clearing. Since the oak 
was introduced by Jan van Riebeeck in 1656 (Donald 1978), 
it has been considered an integral part of the 'Cape Culture' 
and therefore human sentiment would have to be considered 
by those planning and instituting control measures. 
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